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ABSTRACT 
rh·e Martinsburg Formation in the Bethel quadrangle 
has been mapped. This formation underlies approximately 
80 percent of the quadrangle. 
Two /distinct sub-divisions of the Martinsburg For-... 
mation have been defined. One, the younger unit, is typi-
cal of the upper part of the Martinsburg Formation through-
out its regional extent and consists of a flysch-like de-
posit of lithic graywacke and dark siltstones. The second 
unit, the older one, contains rock types atypical of the 
.Martinsburg Formation. The atypical rocks occur in an out-
crop belt roughly situated between the Susquehanna and 
Lehigh Rivers, and consist of a variety of limestones, red 
1, 
shales~ graywacke, conglome~ate~, chert and siliceous 
shale, black shale, orthoquartzite, and volcanic rocks. ~ 
These atypical rocks cannot be mapped as coherent strati-
graphic units and apparently represent large "clasts" 
deposited into the pelitic lower Martinsburg Formation via 
large scale submarine gravity slides. Structurally, the 
Martinsburg Formation in this area is- highly deformed. 
The formation is overturned throughout the Lebanon Valley 
and is thought. to be. part of an extensive nappe.. Small 
.structures are difficult to -define because of the chaotic 
strat.igraphy but individual outc~ops commonly show small 
scale faults and folds and well developed cle·avage. 
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The geologic map presented • 1n this I_:· report shows the 
distribution of the above-mentioned atypical rocks I in the 
Martinsburg Formation of this • region. 
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Two distinct sequences of Ordovician elastic rocks. 
are found in the Bethel quadrangle. ·One, the upper unit, 
consists o.f. a monotonous sequence of alternating graywacke 
sandston~ and shal~ considered by McBride (1962) to be 
·' . 
-
· typical of the upper Martinsburg flysch deposits. The term 
"flyscH' is used in this report in the same sense that· 
McBride used it. The other, a lower sequence, contains-. 
rocks that are atypical of the Martinsburg Formation and 
fossils of pre-Martinsburg ages. Stose (1946) postulated 
that this atypical sequence, which is roughly contained 
within the Martinsburg outcrop belt between the Susquehanna· 
. --· ·---- . ·-· .: .. ·-. - ,._ ' :..__.. . . and Lehigh Rivers, represents allocthonous .material thrust ·· - - ·-···-···-··--·----
over the Martinsburg Formation. He felt that this area was 
analogous ·geologically to the Taconic ·s·equence in eastern 
New York. The nature of this "Taconic·klippe" or "Hamburg 
~-e klippe," as Stose called it, has been debated for many 
I • 
years. The term "Hamburg klippe" has become a convenient 
' 
way of collectively referring to the_ atypical rocks within 
the Martinsburg outcrop area. ·"Hamburg klippe" is use.d in 
. -this sense as if it were a formation or group name without 
the definite implication or agreement that such a structure 
-(· :;--,------·-·-··-actually exists. The writer· will:. use thei term "Hamburg 
I, 
., ..• , ; klippe 11 in this way.. Stose recognized b6th a Normanskill 
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and Deepkil·l fauna, in the "Hamburg klipP.e" sequence._ 
The ·writer- does not· entirely agree with Stose' s in·-- · 
terpretat.io~ of~ the "Hamburg klippe." Field relationships 
" 
ahd stratigr~phic evidence seem to indicate that the alloch~ 
thonous sequence, motivated by uplift to the east, arrived 
as submarine gravity slides i11:to the Martinsburg deposi-
tional basin. The gravi.ty sliding most likely occurred 
. . 
I I 
- during early Martinsburg tim8 because the resultant alloch-
·thonous sequence occupies the stratigraphic position of 
I_ ,, 
the early Martinsburg shales that crop out along strike to 
the·southwest and northeast. The allochthonous sequence 
was subsequently covered .bY upper Mart~nsburg turbidities. 
The gravity slide debris, which is lower Ordovician in age,• 
undoubtedly mixed with existing Martinsburg sediment leav- · 
ing·a fossil assembledge in the area which ranges from 
lower to middle Ordovician. Platt (Carswell, Hollowell, 
and Platt, 1968), (1972); MacLachlan (1967}; and Myers 
I I 
(1969) have recognized submarine gravity sliding as the, 
method of emplacement of the allochth'onous sequence •.. The 
hypothesis of gravity slide emplacement for the Taconi.c 
sequence in eastern New York and western New England is 
supported by Cady· .(.1.945, 1967, and 1968) , Thompson (19 52), 
an.d Zen (1961). Comparison between the Taconic sequences 
of New York-New England and.Pennsylvania show many striking 
similarities. .. ·. 
. . 
Geologic mapping within the "Hamburg klippe" by 
4 
·• -~·. 
- -.----; J 
,; ,' . -
Q 
!. 
I 
. ,.;... . 
. . .. . ... 
. 'I 
. ~. 
,·· 
·.....-.. 
.. 
. {> 
,1 ~ .. • .I 
~· 
·: ... 
·.t 
! 
" . 
I ,li 1 ' q 
Carswell, et al.· (1968), Geyer (1970), ]?latt, et al. (197i), 
. •. . 
MacLachlan (1967) ., and Myers (P .B. Myers, Per.sonal communi-. 
cation) has shown that the klippe rocks ~re chaotic in 
' 
terms of stratigraphy and extremely complex structurally • 
A similar conclusion was reached by the writer in mapping 
the Bethel quadrangle. · MacLachlan (1967) proposes_that 
the.entire stratigraphy within the Lebanon Valley is in-
verted and part of an extensive nappe. 
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The Bethel quadrangl.e was mapped during the summer 
·t,),. 
of 1972. The bedrock geology of the Bethel quadrangle can. 
be seen in Figure 1. 
The Bethel quadrangle is located in southeastern 
Pennsylvania within the Great Valley of the Appalachian 
. 
Valley and Ridge province. The lbcation of the Bethel 
quadrangle within the physiographic provinces of Pennsyl-
.vania can be seen in Figure 2. The Great Valley in this 
area is known locally as :the Lebanon Valley which is bor-
dered on the south by the Triassic Lowlands (MacLachlan, 
1967) • 
- . -·---·-----· Areas o·utside1 the Bethel quadrangle ·were studied 
in order to obtain an understanding of the total geolog{c 
I 
setting. The writer visited outcrops in many parts of 
the Great Valley of Pennsylvania and briefly studied thel 
Martinsburg Formation at its type section in Martinsburg, 
West Virginia. 
'f""'·'.; 
, ..... · 
;_~ 
.... 
:1, 
.___:_:__:::..:.,; 
· ... •.: 
,_ ....... -.-~ 
6 . :J ' . 
. , 
·.{'·.· 
• "'"! .-. 
·,-·!---
.. .,, 
~ .... ~ 
I : ' I 1 ' 
.., 
" 
. I , 
/, 
•. 
.. , 
.... -~; 
l \ -· 
,. ·1 
[ 
. ' 
I 
. l 
I 
t 
..,._.,, ___ ~_ ·- ------ ' ••• -;_ --- --· ~, - C ..... --.:, ..... ~ ~--.._, •4 0 - •- Y•• 
•, .. 
' 
·,. 
'L I 
- -:-· 
'; . I 
·-··-.. 
., 
1: 
• -,.- .~-.- .-~-·---~-- ·W"-~- ----.;a-.r,·,::,c~-;,- ·-·. • ~---·· . --~ •.-
:/'. 
__ ... :,...:.._ 
PLATEAU 
',,.;· 
./ 
. .,,. 
BETHEL 
QUAD. 
'· 
" ' I I 
f 
I 
~·· 
. :~·~--·-
·-,-, 
. ·, 
-Fi.gure 2. 
.Location of the Bethel Quadrangle. 
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The rocks in Bethel quadrangl~ can be separat~d in-
. -to three. stratigraphic sub-divisions: the middle to upper 
1 
• :Ordovician.· Martinsburg Formation; the middle to lower Or-
dovician allochthonous "Hamburg 'klippe1.' rocks; and, lower 
· to middle Ordovician carbonates. Colluvial talus, derived 
from the Silurian Tuscarora Formation crops out across the 
' ' 
northern fringe of the quadrangle. 
The Martinsburg Formation was studied by McBride 
(1962), and he concluded that north of the "Hamburg klippe" 
only the upper portion of the Martinsburg Formation is pre-
sent. In the Bethel quadrangle, and elsewhere, this con-
sists of repetitious f lysch. This fly sch, is made up of 
lithic graywackes, shale chip conglomeratic graywackes, and 
dark siltstones. Within the flysch it is not uncommon to 
I., find calcareous cement and turbidity current featur~s sqch 
as sole marks, graded·bedding, convolute laminations, and 
the like. The sedimentary structures and inferred paleo-
current directions of the Martinsburg formation are dis-
~ 
cussed extensively by,~cB~ide. The thickness of the upper 
Martinsburg flysch is estimated by MacLachlan (1967) to be 
f 
on the order of 2000 to 3000 feet in Dauphin County. In 
, 
the Bethel quadrangle (Lebanon and Berks Counties) the 
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·thickness of the flysch seems. roughly comparabl.e-·to · that 
J 
in Dauphin County. MacLachlan attributes repetitive lith-
ology, incomplete exposure,, and severe folding to the dif-
f icu~1 ty in establishing the thickness of the Martinsburg 
Formation. 
. . 
. The next major stratigraphic sub-division is the· 
·~ ~ allochthonous Martinsburg or "Haml;>urg klippe .• ". This ... al-
" ... ;. 
lochthonous sequence is a chaotic mixture of light buff 
·--·to dark gray colored peli tes, sandstones, quartzi tes, red 
shales, black shales, various kinds of limestone, bedded 
I , 
. i--' 
chert and siliceous shales, graywackes, conglomerates, 
volcanic rocks ( the volcanic rocks are not found in the 
Bethel quadrangle but to the West in the adjacent Fred-
ricksburg quadrangle, and bentonite {also not found in 
th-e B·ethel qu~drangle) . A more complete discussion of 
--=-----~--~--
these rock types will follow. The same'problerns arise in 
computing the thickness of the allochthonous sequence as 
were encountered in computing the. _thickness of the· Mar-
,.tinsburg flysch, i.e. , poor exposures and structural ·com-. 
plexities. In addition, chaotic stratigriphy complicates 
.-the problem. Based solely on outcrop width·, the- allocn-
thonous sequence s,eems ·comparable to the Martinsburg flysch 
. ,. in thickness, or on the order of 2000-3000 feet. · ·The age of 
• ----- --·- , ,·. a . ' 
· emplacement of.this allochthonous sequence, taken as the 
last .time any of the allochthonous constituents were sub-
. ' ' 
' ject to gravity sliding, is probably early Martinsburg or 
·' 9 
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./-·· 
merely-, previous to the deposition of the upper Martinsburg 
. 
. 
. _'V flysch. -
~ • . --:~· ·"f.· '·- -,-,.-., h ·-·~ ••• - ,. • 
Submprine gravity slides are. considered the method 
. , 
. ·o.f emplacement of the allochthonous rocks al though some 
' 
' would arg·ue that this is ··a type of thrusting_ The Alloch-
· thonous sequence contains many "exotic" blocks or slabs 
that ·are older than typical Martinsb·urg rocks. Epstein_· 
(1972) found lowermost Ordovician conodonts in such an· 
exotic lifueston~- block near Lenhartsville, Pennsylvania. 
stose (1946); Carswell, Hollowell, and Platt (1958), and 
others report_fossils {primarily graptolites) older than 
Martinsburg age in many localities within the "Hamburg 
klippe.". This seems to imply that the .allothonous blocks. 
became mixed with Martinsburg sediment. The matrix material 
.. --- -·----- -------~- --···-· ----···----- _________ ......• _J-" ___ ~·-·---:-. - _,...·---·-·······-----·· 
. - into W!~~-h ____ ~_he_~~~~-~-1-~_oc_hth;~.!1:ous:roc_](~ .. slid~-w~s_--~inos_t -likely_ _ ___ . ___ . ___ ·--·----------! 
early to middle Martinsburg pelites. This explains the 
apparent loss of the lower Martinsburg Formation i;n loca-
tions where the "Hamburg klippe" is found. The lower Mar-
tinsburg sediment became highly contaminated with gravity I . . 
slide.debris. The entire allochthonous sequence can be 
· viewed as a megaconglomerate or megabreccia in which the 
individual clasts range in'size from small particles an inch 
or two i_n long dimension to huge slabs over one mile in 
-l·ength. The term t'lildf lysch is sometimes used to describe 
this type of formation. A problem arises as to how· to 
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/ 1Separate the· ,contaminants from 'the matrix. Most of the 
. J 
sequen·ce is unfossiliferious, but,· clearly, any rock which -
- - I: 
contains lower Ordovician fossils is a contaminant. It is 
likely, however, that some of the matrix material is very 
similar to the contaminant material, and thus, without 
fossils, difficult or· impossible to separate. Where slabs· 
of one ro_ck type can be seen to be (?Ompletely surr9unded by 
. 
. 
another rock type, it can be assumed, w·i th reservation, that 
the slab is contaminant and th.e other rock type is matrix. 
The last major stratigraphic sub-division in the 
Bethel quadrangle is a sequence of Cai,.-bonate formations 
ranging in age from Canadian (Beekmantown Grou·p) through 
late Trenton (Hershey Formation). These carbonate forma-
~- tions were previously mapped in the Lebanon Valley_by 
I 
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by Prouty (1959) and Hobson (1963). 
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; Rock types within the A.llochth·onous· s:equence 
· ( throughout the "Hamburg Klippe," which- ·incl·uaes 
the Bethel quadrange): 
. ·-'., -
Limestone: Stose and Jonas (1926} ·noted limestones 
occurring in ··what is now defined as the allochthonous se-
1 ·.1· 
-~· 
'"''' 
quence. They did not recognize the limestones as being 
allochthonous but. instead concluded that they were part 
of the Beekmantown Group exposed in anticlines. Miller 
(1937) considered these limestones to be part of the Mar-
tinsburg Formation deposited at intervals before the de-
position·of the oldest Martinsbtirg shale. Stose (1946) 
realized that the limestones could not be Martinsburg age 
' 
··· -- · ·· ·-····· ,, - becaus·e. some ·of· ·them. contained fossils predating ·'the Mar-
·-- -··- --··- . -.::,.....,. ____ . ---~-------.·· --~~---·-·· ··-· .. _. ___ ,. _____ --
tinsburg Formation. He considered these limestones to be 
" part of his "Hamburg klippe" a:nd recognized the following 
type~: 
.1) thick-bedded· granular quartzose limestones 
with round glassy quartz grains 
:;2) conglomerates containing pebbles of shale· · 
and limestone 
.. -
3) ,. · thin-bedded blue limestone with interbedded 
shale 
4) limestone conglomerate 
t-' "., 
• Mos-ley · (1952) studied these, same limestones and recognized, 
. . 
more or less, the same -types as, ·stose in addi tioil to an 
intraformational conglomerate. _Mosley, however, . considered 
. l.2 
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t=hese · limestones to ha.ve ·been deposited 1.n more than ·a 
... 
single str~tigraphid interval during early Martinsburg 
time. Insoluble residue analyses mad~_ qn these limestones 
·by Mosley· showed an.average of 23.95% by weight for 26 
analyses. (range: 11.5%-46.3%). In addition, Mosley identi-
fied zircon, feldspar, pyrite, garnet, muscovite,· ~nd.tour-
maline within the heavy mineral fraction of the insoluble 
.... __ . ,.,.,.· 
residue. 
Within the Bethel quadrangle the writer .was able to 
locate eleven individual and separate areas of limestone 
outcrop, none of whicih could be correlated with another. 
They are interpreted as allochthonous units, and therefbre 
discontinuous stratigraphically. Individual limestone beds 
"· 
range in thickness from· a few inches to several feet. The 
total outcrop thicknes~ for any series of limestone beds 
i-s---never111ore-th-an-approximat:e-iy-TCYU feet and commonly is 
.. ·~uch less th~n that. The limestone beds appear sporadically 
·throughout the alloihthonous sequence but are commonly as-
sociated with black shale, which also may occur as inter-
beds in the limestones. Epstein (1972) identified lower 
Ordovician con6donts in one of these limestones near Len-
hartsville, Pennsylvania. This proves t~e allochthonous 
.• ' 
... C-,l' 
nature of at least some of the limestone; howe,v.:er,. since 
.., 
these limestones always occur as units which are discon-
tinuous stratigraphically, it is likely that all are 
- ... ·-~-~---··""· .. _.;~---:----·--·, .. ·--···· ,-··:··· ..... _. .... _ ............ .. 
.. all9chthonous and-perived from gravity· slide debris.· 
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·The b~st explanation for these "exotic" limestones 
·· .seems to be that they .were _deposited well to the east·-
during the ea-rl·y Ordovician· and moved via submarine· gravity 
sliding into ·the_·Martinsburg depositional basin during the 
late Trenton. This suggests that these limestones are time 
equivalent facies o.f the .Beekmantown Group. The :motivating 
force for these submarine gravity slide~ was µplift~ The 
~· -
-
types of limestones found as allochthonous material have . 
., __ J 
nowhere been·found in place. They differ from the Beekman-
town Group in fossil and insoluble residue content. There-· 
fore th~ source of these allochthonous limestones remains an 
enigma. If perchance the entire limestone s~quence was lost 
gravity slides, would find it I autochthonous as we never in 
.outcrops. 
The t:ype.s .o.f .1.-imestone found within the Bethel quad-
rangle include massive, gray aphanitic limestone; thin bed""'!" 
ded, platey, black· argillaceous,, limestone; intraformational ··. 
conglomerate; and sandy limestone cortgl·omerate pebbles with-
; 
in a red cherty shale t! These limestone pebbles -·are fossili-- · 
·-
ferous and have yielded sm~ll crinoid stems, brachiopod 
' 
fragm~nts, and rare conodonts. An insoluble· ·-residue analy-. 
sis of representative samples of five limestones found in 
. . ... ,.:f'''> 
the Bethel quadrangle·. yielded the following resu-1 ts: 
35.si, .8.5%, 11.,9%, ~4.1%, and 12.0.%. Heavy minerals ·in-
cluded tourmaline (both authigentic and· detri tal} ,. zircon, 
. . ' 
• 
1·.·: J ,., 
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-:dolomite, hornbl-ende, and biotite. The provenance of the 
rletrital material in these limestones was evidently acid. 
igneous-rocks. 
·, 
~ . Chert and Cherty Shales 
Numerous beds o-f chert and siliceous shale are found 
th:roughout the allochthonous sequence. Chert is not a con-
. -. -- . . . 
-~·- . 
, •. Jl 
_.., •• :. , :, 1 :;,=, 1 .">, :, , :, ,;, , ro, t, <~•: ,'U\1 /'l'I,", • ' · '', • • •" • ,, • :, ';,' ', included the cherts within the "Hamburg klippe" sequence. 
McBride {1962) noted the occurrence of cherts within the 
outcrop belt of the Martinsburg Formation~ He considered 
! ' 
'j 
them to be within the lower member of.the Martinsburg Form-
-~.....-· .:· , ... ,)', .. , " .. ,., ., ~ I 
ation, but rest:ricted to the "Hamburg klippe" area. McBride 
examined the chert and found that it is composed primarily 
of cryptocystalline silica (75 percent) .with lesser amounts 
.of authigenic · ankerite (20 percent), and accessory amounts 
-----~~~~~--"~--~---_ ~of-muscovite- and pyrite. 
I ·. 
' 
McBride also redognized Radio-
I 
.. -
. lorian spicul~-s or spines. Workers within the _ "Hamburg 
klippe" (Carswell, et al., 1968; Ge-y~r, 1970i MacLachlan, 
1967; and Platt, et al., 1972) have ,consistently referred 
to numerous chert beds. Myers (P.B. Myers, Personal com-
-
munication) mapped·a large number·of chert beds.within the 
'. Straustown and Bernsville quadrangles. The writer encoun-
tered numerous chert beds in mapping the Bethel quadrangle. 
Unfortunately, these chert beds are ra·rely ~ons_is-
-tei:i::t enough in la.teral extent ,to relat.e- to any org~nized ·. 
C-
'' 
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stratigraphy. Occasionally a single chert bed can be fol-, 
lowed for a distance up to abo·ut thr.ee miles or more before 
.' 
-
• ' • ,,. • . . 
- • I, 
· it -,suddenly termin.ated. -- Th-e chaotic · n·ature · of these chert 
beds is here ~gain a reflection of deposition by submarine 
gravity slides. Since chert is not ·a primary constituent 
of.the Martinsburg Formation, it probably also represents· 
:a11·ochthonous debris from submarine g_ravi ty slides. 
The cherts of the Bet~el qu~drangle occur in a 
variety of· colors including black, red, and green. Occa-
sionally the chert beds are resistant and form a topographic 
high, but this is not always the case. Not all of the chert 
beds are pure; in fact, most are a mixture of chert and 
shale. · 
Red Shales 
Red.shales occurring within the allochthonous se--
quence were also recognized by early workers as being 
atypical of the Martinsburg Formation proper. Before Stose 
.. (1946) proposed his Hamburg klippe, he origina1·1y thought 
th~t some of.these red beds near Lebanon, Pennsylvania, 
were part of a Triassic outlier (Stose, 1926). 
Whether or not these red beds represent originally 
- . l 
·red sediment is an unresolved question~ In some instances 
the red color seems tq transect the ··strike of other lighter . 
:.,,. 
; 
colored·shale beds. -Also, the red shales o~ten grade irito 
~ 
.ligh~er colored.shale! along $trike, and·there. seems to be 
r 
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:'.no stratigraphic order, even over a .. small distance, to 
these shale sequences. If peliti~- r~d sedi~ent, carried.by 
. 
submarine gravity slides, mixed with co-existing light 
colored pelitic sediment, the later lithified rock might 
occur in patterns such as .those we see in the field. 
-Pelites . 
. 
·-- -
The allochthonous sequence consists primarily of 
Pelites. Fissile shales and mudrock occur in a variety of 
colors but primarily grey to light brown. These pelites 
may represent, at least in part, the original early Martins-
burg sediment into which the exotic slide blocks were em-
.placed. If all the suspected allochthonous material (lime-
stone, cherts, etc.) were removed, a n~arly continuous, al-
though variable, matrix of pelitic rock would remain. 
Conglomerates, sandstortes 1 and orthoquartzites 
Minor sandstone beds, interbedded with shale, are 
found sparip~ly within the allochthonous sequence. In. the 
adjacent Fredricksburg quadrangle a very irnp~ess.i ve ridge 
of resi~tant orthoquartzite exists which terminates ab-
ruptly at both e-nds. Sandstone may be a minor· constituent 
of the autochthpnous rocks or mat~ix within the "klippe," 
although the orthoquartzite ridge in the Fredricksburg 
quadrangle is interpreted as , .. allochthonous. 
. . 
-
A .. distinctive quartz pebble cqnglomerate, · very com-· . . 
' . pact.and dirty,·crops out in patches across the southwestern 
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portion of the Betbel quadrangle. A very similar ·conglo-
i -- .. 
. . 
mer.ate ~rops 01:1t across; .the. Strauss·town. and BernvilJ_e quad-. _..., '• 
. . . 
. 
rangles to the east (P.13.. Myers, Personal communication). 
If~this represents the same conglomerate bed then this is 
the. mos.t consistent unit within the allo·chthonous sequence •. 
Conglomerates of this type are not characteristic of the 
Martinsburg Formation, but.the apparent stratigraphi·c con-
tinuity is not .characteristic of the allochthonous-sequence. 
A closer examination of this conglomerate is needed before 
its origin can be deduced. 
Graywackes 
Within the allochthonous sequence there are two 
·q:i;e.as:· of significant graywaGke outcro-p. One area is along·. 
t·he Little Swatare Creek south of Cresskill Mill·s. · Here a 
. 
lens shaped.body of graywacke is surrounded by various 
other members of the allochthonous sequence. It has the 
outcrop pattern :pf a large ailochthotious block. 
I 
The second area of graywacke outcrop occurs in the 
... 
southwestern part of the Bethel quadrangle. Here graywacke 
. 
cobbles and slabs are set in a peli tic matrix (see plate 1). 
·This ar~a also occupies · a topographic high, and in weather-
. ing, the peli tes break do.wn rapidly le..,aving the more re-
sistant graywacke cobbles and blocks behind.· The plowed 
0 fields over this ·ar.e·a have this distin·ctive appe·arance. 
' ' - 'J 5 
~, (' 
.. · . At least· the uppe·r.: ten f~et ·of bed:r:ock in this area has 
. -. ' 
•' 
• j-·- 18 
..... 
...--"I-.., ' ..... 
Plate 1. An allochthonous graywacke block set in a pelitic 
matr·ix. The hammer is eleven inches in length. 
Plate 2. The highly weathered upper soil zone -that 
develops overmuch of the- bedrock in figure 1. ·persistent graywacke remains in .a ,clayey soil. 
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·undergone,extensive weathering, and the result is a . ~ 
regoli·thic rubble (see plate 2). 
A petrographic examination of a representative sample 
.. 
of the graywackes from .both ar.~as was made and compared 
with·a representative sample of the Martinsburg graywacke 
that crops out nearby to the north. A summary of ~his ex-
amination is found in table. I. All three graywackes were 
'. '-'I" .••• ~,_ 
::o-. 
-··-- --- ---- - - ·-· --· - ···-~·~---.-- --~-- .. - .. 
. 
-- --
ch a r act er i zed by grains "floating" in matrix with little 
intergrain contact. The quartz in all samples was equant 
with many bubble trains and numerous small euh~dral inclu-
~· . 
. ~ 
sions. McBride (1962) showed that the Martinsburg gray-
wackes have a wide range of composition. Whether or not . ,,, 
( -
J' 
the two areas of graywackes in the allochthonous sequence 
represent local Martinsburg~gra_ywackes i;-elocated by late 
. gravity slides early in the. onset of turbidity current 
sediment·ation is debatable. The other possibility is that 
this graywacke-bearing unit is allochthonous and derived 
from a source similar to that of the allochthonous -~ 
limestones. 
Volcanic-Rocks and Bentonites 
The Paleozoic rocks of Eastern Pennsylvania outside 
' 
. 
of a few bentonite beds are devoid of volcanic rocks with 
• (j 
the exception of outcrops of amygdaloidal basalt south of 
-
• t • • 
_ .Jonestown, Pennsylvania. Gordon (1920) described these 
, .. ,. ' 
1 ·'· 
-- · basal ts as well .as diabase dikes that o~cur _ne-arby. Stose 
\\ _______ ,-
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.. 
·(1925) suggested a Triassic age fbr the basalt, but later 
' 
changed his opinion (Stose, 1927) and concluded that the • ·,i,,. 
; . 
c--., basalt was Ordovician. These volcanic rocks do not crop 
- f',--
. I. ) 
~- 'c'-,\ 
•.;s.~ •. ,-
out within the Bethel quadrangle but are found in the 
adjacent Fredricksburg quadrangle to the west. At the 
present time it is unclear whether these volcanic rocks 
are in place or are also 0ccur as allochthonous slide 
blocks. Further study··-····"~~~9 ... ~hi,~ .P~.Q.P.lem is ,needed. 
',,;~ 
Percent of Total* 
FINE GRAINED FELDSPAR MATRIX QllJARTZ ROCK FRAGMENTS K-SPAR - PLAGIOCLASE CHLORITE - ARGILLACEOUS 
I 51 8 ,. I 2 20 18 
2 48 2 .2 3 31 14 
3 57 1 0 0 42 0 
Explanation: 
~ 
1 = Martinsburg graywacke .. __ . _ _ __________ _ __ . _ ____ __ _ __ 
2 = Graywacke _ block along the Little Swatara Creek · ~-
3· = Smal 1 graywacke slabs from the southwest portion··· ,~ .... ,. ...... ,. ;'. .... :.':,.,.;,,·· · 
*500 grain count 
of the Bethel quadrangle ·,~ .. 
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·. 
Bentonite beds occur sparingly through the Ordo~ 
vician and this includes the span of·the Martinsburg Forma-
tion. Bentonite occurs within the allochthonous -Martins--
' burg as well; however, no beds of benonite were found in the 
Bethel quadrangle. These bentonite beds are usually only a 
few inches thick and can be easily overlooked. 
Structure 
The structure of the Lebanon Valley is complex~ 
Progressively younger formations crop out in succession 
from south to north, hav·e a roughly east-west strike, and 
• • J' • dip, almost invariably, at a ·high apgle to.the south. This 
means that the entire sequence is inverted. The overturn-
" 
.ing of :the Lebanon Valley rocks involved the formation of 
·an alpine .scale nappe (Gray, 1959). The writer is of the 
opinion that.the nappe formation included the overturning 
of both .. th'e Martinsbu.rg .Formation and the "Hamburg klippe" 
:s .. ·eq~e-nc.e. This 'nappe formation probably occurred during 
-· "-~:: ______ : ___ L._ , ____ ,,_, fne·-·T·aconic orogeny because the Silurian rocks to the north 
I..... 1'" 
do not appear to be part of the nappe.·- Refolding of the 
Lebanon Valley .sequence during the Appalachian revolution 
and multiple thrusting-from the south (of questionable 
age) has further complicated the situation. Myers (1969) 
, is of. the opinion that. slatey. cleavage develop_ed in the 
more peli tic members of the "Hamburg klipp_e" during the 
-late Paleozoic • 
. i 
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Examinat-ion of t.he Martinsburg Formation and the . 
"H~urg klippe" sequence on a local s.cale ·shows a modest 
difference in tectonic style between the two. The · ''Hamburg 
klippe" is eyerywhere hig.hly sheared and interfaulted, · .. 
whereas the Martinsburg For~at~on exhibits a lesser degree 
, .. 
of deformation. An explanation of this could be that ''the 
, ''klippe" underwent soft rock deformation from ,submarine 
gravity slides of sedime~t Jn an unconsolidated to semi-
consolidated state. The imprint of this original soft rock 
deformation affected the diagenesis of these rocks from 
original lithification through successive periods·of defor-
mation. Small structures within the allochthonous sequence 
are rar.ely possible to define. Any one outcrop is likely 
to contain more than one set of· cleavages, small faults, 
$hear zones, joints, and min9r folds,_but tracing any 
structural trend over an appreciable distance is rarely 
possible. The lack of an organized stratigraphy makes 
·s:tructural interpretations e_xtremely difficult. In addi-
·Y tion, outcrops throughout the Bethel quadrangle are sparse 
l . 
. consisting most_ly of shallow road cut·s where slumping and/ 
or creep obscure reliable· tructural data. In one instance, 
the writer,found a pseudorecumbent fold due to cre9:p of 
-beds in the upper part of a road cut in the _s~e direction 
a.s tpe qip direction. · Elsewhere, root wedging and weather-
ing produces a nearly disintegrated ~pper soil zone that 
. -
yi.elds v.ery· little structural data. 
·. 23 -- . ------· 
. . 
..... : ,..:..· 
• 
. ; 
·i 
9 
··-·· 
.. 
., 
. ' 
.. 
---~----................................................................... . 
I • 
.. In the Dauphin County area overthrusting from th~---- _ 
southeast of limestone formations older than the.Martins-
l burg Formation (St. Paul Group) to areas north of the 
allochthonous Martinsburg has lead MacLachlan .(1967) to 
propose a complicated .system of overthrusting for that 
area. MacLachlan names the yellow Breeches thrust as the 
_structure. along which the allochthonous ~artinsburg was 
. transported·.to its present position~ West of Hummelstown, 
in Dauphin County, the thrusting situation seems to be 
less complicated,. or, at least, no overthrusting of clime-
stones older than· the Martinsburg Formation occurs north 
of the allochthonous Martinsburg~ Meisler (1963) inter-
prets the boundary between the Carbonates and the Martins-. 
~./,,,. 
burg Formation· (allochthonous Martinsburg) in the Lebanon 
Valley as a thrus~. 
Stose (1946) proposed a far traveled klippe, over-
riding the true Martinsburg Formation to explain the ano-
. 
. 
~- .. malous rocks of the "Hamburg·klippe" region. His com-
parisons with the Taconic klippe of New York-Vermont are 
' 
' valid to the extent~that both groups are.strikingly simi-
• 
lar in rock-type and.tectonic style~ However, in New York-
Vermont the autochonous equivalents of the allochthonous 
klippe are1 found to_ the east (Zen, 1967, 1972; Cady, 1968) • 
. , 
-The·autochonous equivalents of th~ "Hamburg ~lippe" have 
never been located. The writer, is of _the conviction tliat· 
. ·f 
th~; "Hamburg klippe" is ·merely a large collection of ••. :,!..-..• , 
. . .. ~, .. -; 
~··--------- . ··---~.:-··-
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. submarine gravity slide debris (wildflysch) deposited into 
.the Martinsburg depositional. basin before the deposition of 
·the upper Martinsburg .f lysch. 
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.. Concl·usions 
1-•·~·· .... , .• 1•· .... .. 
· The history of the Martinsburg Fo·rmation between . 
;tn.e. Susquehanna and Lehi-gh Rivers is as fallows: 
_{· 
.l. Uplift to the east, where elastic and carbonate 
sediment. of pre-Martinsburg age had been de- · 
posited, gave -rise to large: :·scale submarine gra-
vity slides of material which entered the 
Martinsburg depositional basin and mixed with 
existing early Martinsburg sediment (pelites). 
· -A. chaotic wildflyscn resulted ( = allochthonous 
. 
~ 
~- --~----- ----- .. ____ -----.·- ~-,c, .. _··--"-·'."7··· ··· "· --- -····,··-""·-"-··--.,;c:. 0-." -,:.-- ... - •• --,-- --- _., ... - --Mar-t-insbu.rg) • -- -- --- ..... --
. . . . . ..... -- .. -- . . .. - .. 
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lii_.~ 
_,. 
. 
2. A very· thick deposit of upp~r Martinsburg 
3: 
•• 
4. 
flysch_was deposited in part synchronously ~ 
'but mostly on top of the allochthonous 
Martinsburg. 
The entire Cambra-Ordovician sy·:s:tem • 1n the 
non Valley was overturned by the f;ormation 
I·:' vi 
an alpine scale nappe (Taconic) . 
Leba-
of 
I 
Refolding during the late Paleozoic further con-
tributed to the deformation and resulted in the -
.. 
,. 
formation of a slatey cleavage in pOme of the 
units. 
.. 
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L..-. -· -
' Thrus.ting from the south { time unknown-) has 
left a· great deal of the geology juxtaposed on 
younger formations.· 
. \ 
r· ....• 
., 
T'.t.li~ history :is: i,1·1ustrated in the Bethel quadrangle .which 
is only a small part of t).1.e total area involved. Detailed 
mapping has shed only modest light on small structures pres-
ent b.ut .r.elates well to submarine gravity slide strati-
graphy • 
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~anis, was born in Pinehurst, North Carolina, Sept. 8, 
~1946. He attended Central Dariphin High School and grad-
uated __ in June, .1964. He entered.Western Carolina College 
·in September of 1964 and transferred to Campbell College 
in 1967 where he majored in geol~gy and graduated in 
--January, 1969 with a Bachelor of Science degree. He was 
. ::.· 
employed by the North C~rolina department of highways as 
a. g:e.ologist after graduating until drafted ~nto the U. s. 
Army .i:n_ ·oct,ober, 19 69. . :After completion of military . · 
service he entered Lehigh University in the fall of 1971. 
He served as. a graduate assistant in geology during the 
fall, 1972 semester. 
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